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ADVANCE BEP ORT 
-I---- 

il'" -7 LHAORY AED PRELIMIilTARY F L I G H T  TESTS OF AN 

AL&-liOVASLE VERTICAL TAIL SUBFACE 

By R o b e r t  '2, J o n e s  and H a r o l d  3'. K l e c k n e r  

An izi;>roved t y p e  of al l-movttble t a i l  s u r f a c e  h a s  been  
deve1o;jed and  t e s t e d -  i n  f l i g h t .  The s u r f a c e  is p i v o t e d  
beh ind  t h e  q u a r t e r - c h o r d  p o i n t  and- i s  provid-ed w i t h  a p l a i n  
fla;? t h a t  d e f l e c t s  i n  t h e  same d i r e c t i o n  ,%s t h e  r ia in  air-  
f o i l .  T h i s  e,rr,zngement p r o v i d e s  c o n t r o l- f r e e  s t a b i l i t y  and  
a s t a b l e  v a r i a t i o n  05 t h e  c o n t r o l  f o r c e s  d u r i n g  n a n e u v c r s ,  
F l i g h t  t e s t s  made w i t h  t h e  F a i r c h i l d  m2K-1 a i r p l a n e  showed 
r2 v e r t i c a l  t a i l  s u r f a c e  o f  t h i s  t y p e  t o  be s a t i s f a c t o r y  i n  
a l l  t h e  maneuvers  a t t  m p t  ed ,  i n c l u d i n g  t h o s e  t h a t  i n v o l v e  
comsslete s t a l l i n g  of t h e  s u r f a c e .  The a l l - n o v a b l e  t a i l  was 
found  t o  be  more e f f e c t i v e  t h a n  t h e  Convent ionaL t y p e  a n d  
o f f e r s  t h e  7 o s s i b T l i t y  o f  a r e d u c t i o n  i n  t h e  s i z e  and t h e  
d r a g  o f  tai :  s u r f a c e s .  

C o n t r o l  s u r f a c e s  that have  ,-trcved s u c c e s s f u l  on e a r l i e r  
d e s i g n s  f r e q u e n t l y  c a n n o t  be a d a 2 t e d  e f f i c i e n t l y  t o  n o d e r n  
a i r p l m e s  o n  a c c o u n t  o f  t h e  h i g h  d e g r e e  o f  c o n t r o l - f o r c e  
b a l a n c e  r e q u i r e d .  A t t e m p t s  t o  p r o v i d e  t h e  n e c e s s a r y  b a l a n c e  
by i n c r e a s i n g  t h e  n o s e  ove rhang  and- t h e  b a l a n c i n g- t a b  r a t i o  
have  S r o u g b t  abou t  n a r k e d  rec2uc t ions  i n  t h e  e f f e c t i v e n e s s  
and c o n s e q u e n t  i n c r e a s e s  i n  t h e  s i z e  and t h e  d r a g  of  t h e  
s u r f a c e s .  A t  i3 resen t  i t  i s  o f t e n  f o u n d  n e c e s s a r y  t o  u s e  a n  
a r e a  e q u a l  t o  33 p e r c e n t  o f  t h e  triizg a r e a  f o r  t h e  h o r i z o n-  
t a l  and  v e r t i c a l  s u r f a c e s ,  The d r a g  o f  t h e s e  s u r f a c e s  i s  
an even g r e a t e r  p e r c e n t a , g e  o f  t h e  wing d-rag. 

An a l l - m o v a 3 i e  "til s u r f a c e  o f  t h e  t y p e  u s e d  on g l i d e r s  
and  s a i l 3 l a m e s  p e r m i t s  a c l o s e  d e g r e e  o f  ' ba l ance  without;  
s a c r i f i c e  o f  e f f e c t i v e n e s s  and w i t h  s m a l l e r  d r a g  t h a n  t h e  
convent  i o n a l  s t  a b i l i  z e r - e l e v a t  o r  comb i n a t  i o n .  The o b j  ec- 
t i o n  t o  t h e  use  or" s u c h  a s i m p l e  c o n t r o l  on a i r p l a n e s  h a s  
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been t h a t  t h e  s u r f a c % ,  i Y  s t a b l e  a b o u t  i t s  own p i v o t ,  
t e n d s  t o  t r a i l  i n t o  t h e  wind ar,d h e n c e  p r o v i d e s  no s t a b i-  
l i z i n g  a c t i o n  f o r  t h e  a i r p l a n e  w i t h  t h e  c o r , t r o l  f r e e .  
wi th  t h e  c o n t r o l .  f i x e d ,  t h e  t r a i l i n g  t e n d e n c y  l e a d s  t o  
a n  u n s t a b l e  v a r i a t i o n  OS c o n t r o l  f o r c e  w i t h  t h e  a t t i t u d e  
of t h e  a i r p l a n e .  

.I. 

These  d e f e c t s  c ~ n  be  overcome by t h e  a r r angemen t  
shown i n  f i g u r e  1. E e r e  t h e  s u r f a c e  i s  p i v o t e d  about  a 
p o i n t  b e h i n d  i t s  a e r o d g i l a z i c  c e n t e r  and i s  e q u i p p e d  w i t h  
a n l a i n  f l a p  which d e f l e c t s  i n  t h e  same d i r e c t i o n  as t h e  
main s u r f a c e .  Such a n  a r r angemen t  c o r r e s p o n d s  t o  t h e  
“1eadi:ig t a b f f  t h a t  has been  u s e d  O D  t h e  inovable p a r t  or“ 
t h e  c o n v e n t i o n a l  s t ~ b i l i z c r - o l e v a t  o r  c o n b i n a t  i o n ,  ( S e e  
r e f e r e n c e  1.) 

041 th.e a l l- movable  G u r f a c e s ,  t h e  nLmi’ow f l a p  in-  
c r e a s e s  t h e  l i f t  a n &  p r o v i d e s  t h e  r e s t o r i n g  riloalent neces-  
s a r y  t o  s t a , b i l i z e  t h e  ixir’tia s i ~ r f a c s  abou t  i t s  p i v o t .  T r i f i i  
a d j u s t m e n t  i s  secu:*ed b;* cha,;iging t h e  i n i t i a l  s e t t i n g  o f  
t h e  fla;?. Becp-use t h e  p o s i t i o l z  of t h e  i i v o t  i s  beh ind  I 

t h e  e e r o C y n a i c  c e n t e r ,  t h o  s i l r f a c e  t e n d s  t o  f l o a t  a g a i n s t  
t h e  w ind ,  i a c r e a s i n g  i t s  a n g l e  of z t t a c k  i n  c o n s t a n t  r a t i o  
t o  t h e  change  i n  wind a n g l e .  E e n c e ,  i f  t h e  a i r p l a n e  
changes  i t s  a t t i t u d e  w i t h  r e s p e c t  t o  t h e  f l i g h t  p a t h ,  t h e  
c o n t r o l  s u r f a c e  w i l l  t u r n  o r  t e n d  t o  t u r n  i n  tt d i r e c t i o n  
t o  r e s t o r e  t h e  a i r p l a n e  t o  i t s  o r i g i n a l  a t t i t u d e ,  2 r o -  
v i d i n g  i n c r e a s e d  c o n t r o l- f r e e  s t a b i l i t y  and s t a b l e  c o n t r o l-  
f o r c o  r e a c t i o n s .  ( S e e  f i g .  2.) 

With t h e  f o r e g o i n g  p o s s i b i l i t i e s  i n  mind a more 
t h r o u g h  ana1:rsis  and  a program o f  ? l i g h t  t e s t s  a r e  b e i n g  
c a r r i e d  o u t .  The p r e s e n t  r e p o r t  c o v e r s  t h e  e l e inen ta ry  
t h e o r y  o f  o i3e ra t ion  and s o a e  p r e l i n i n a r r  f l i g h t  t e s t s  o f  
an al.l--movable v e r t i c a l  t a i l  s u r f a c e  on t h e  F a i r c h i l d  
m2K-1 a i r p l a c e .  

L i f t  and Iif.nge-Iiornezi C h a r a c t e r i s t i c s  

The l i f t  c o e f f  i c i e i i t  d e v e l o p e d  p e s  r a d i a i i  d e f l e c t i o n  
o f  t h e  a i l- movable  con ’ t so l  may be cienoted by czi  ( f i g s .  

1 and 2 ) .  Wi th in  t h e  l i n e a r  r a n g e  t h i s  l i f t  mey be  con- 
s i d e r e d  t o  a c t  a t  a f i x e d r p o i n t  de3emined-  by t h e  p r o p o r -  
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t i o n s  ancl t h e  r e l a t i v e  rR.te of  m o t i o n  of  t h e  f l a p .  If t h e  
d i s t a c c e  between t h i s  p o i n t  and- t h e  p i v o t  i s  denoted.  by 
X i ,  t h e  hinge-monent c o e f f i c i e n t  o f  t h e  c o n t r o l  due  t o  
d e f l e c t  ia:i will. be 

whe1-s c i s  t h e  mean chord  o f  t h e  t a i l .  Dux-ing changes  
i n  t l=e CLirectloii o f  t l i e  r e l a t i v e  w i n d  CL, t h e  c e n t e r  o f  
p r e s s u r e  o f  t h e  a d d i t i v e  l i f t  i s  also f i x e d  a n d -  c o i n c i d z s  
a- jsgroxi i in te l :~  wit11 the aerodyilair!ic c e n t e r  o f  t h e  a i r f o i l .  
Tho ciistnizce o f  t h i s  p o i i i t  f r o n  t h e  y i v o t  may be denoted- 
by xu,. Then 

( appr o x .  ) 

If t h e  ; i ivot  i s  loc:; , ted between t h e  two c e n t e r s  o f  p res-  
sure, xG w i l l  be  p o s i t i v e  and. xi n e g a t i v e .  F i g u r e s  
3 aad 4 S ~ G W  t h e  e s t i m a t e $ .  val-J-es o f  t h e s e  q u a n t i t i e s  ob- 
takaed- f r o s  win6-tunnel t e s t s  of a i r f o i l s  w i t h  p l a i c  f l a p s .  

Vi%:: n o  c o x ; _ t r o l  fojyce ap:?lied,  t h e  s u r f a c e  t u r i i s  
agaiiist  t h e  wind t o  t h e  p o i n t  where  

The l i f t  i n  t h i s  coi?.,ditiol: w i l l  b e  

be  c o n s i d e r a b l y  l a r g e r  t h a n  t l i e  l i f t  w i t h  c o n t r o l s  f i x e d ,  
C L C L ~  t. i C L i  and mag 

S c h a i r e r  and 3uah  i n  an u-npubl fshed  docuncn t  f r o m  t h e  
i3oeii;g , : ireraft  SoiGrany lzave ? o i n t  ed- o u t  t h a t  f r i c t i o n  is 
t h e  c o c - l - r o l  syste.n v i l l  i n t r o d u c e  R lag i n  t h e  f l c a t i n g  
a,ct5.cn o f  t h e  i-ud3es- 7,rhich may r e s u l t  is a co ; i t inuoxs  
kuz$i::g g s c i l l a t  ion r r i t h  t l ie  c o i i t r o l  free. %!ius, a l t h o u g h  
t h e  t e ; iCe rc j -  o f  t h e  all--nova,bie t3,i.l t o  f l c a t  agaiiist t h e  
wind i n c i ' e a s e s  t h e  danipiiig o f  l a r g e  o s c i l l z ' t i o n s ,  as an 
o s c i l l n t i c z  G i e s  o u t  t h e  e f f e c t  o f  f r - i c t i o n  l r r i l i  be  xiagiii- 
f i e d  ai??. w i l l  c o n t i n u a l l y  i n c r e a s e  tile :ghase lag as t h e  
rudder n o v e i ~ e l i t  s S c c o n e  s s c t l l e r  . As t h e  rud-iier YLovernent s 
vanisl:, i i i e i r  Thase  l a g  a;3;2roacIies 90'. D u r i n g  t i l e  suc- 
c e s s i v e  s t a g e s  02' t h i s  p r o c e s s ,  t h e  yawing nomelit d e v e l o p e 4  

http://a,ct5.cn
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by t h e  out- of- phase component of t h e  rud6.er n o t  i o n s  must 
nevor  be s u f f i c i e n t  t o  e q u a l  t h e  d m p i n g  noglei?t deve loped  
by t h e  yawing of  t h e  a i r p l a i l e .  Al though  t h e  e x a c t  l i r n i t s  
have  n o t  been e s t a b l i s h e d ,  p r e l . i m i n a r y  calcv.2at  i o n s  sup- 
p o r t e l l  by f l i g h t  t e s t s  i nL i i c s t e  t h a t  i r ,  o r d e r  t o  i n s u r e  
comj?lete c?am;3iilg, i t  may be  n e c e s s a r y  t o  J . . i m i t  t h e  f l o a t -  
i n g  r a t i o  - t h a t  i s ,  t h e  r a t i o  of r u d d e r  d e f l e c t i o n  t o  
a n g l e  o f  yaw - t o  : ~ / 2 : 1  o r  l e s s .  

The v e l u e s  o f  C L ~  2nd C L ~  may S e  d e t e r m i n e d  f r o i a  

tzie 4inot.ril p r o p e r t  i e 3 s  o f  a i r f o i l s  wi th  2Lnin  f l a p s  Thus, 
witl:ii1 t h e  l i n e a r  r m g o ,  

0 u e 
wher e ---- i s  t h e  r a t e  o f  change o f  t h e  e ~ a i v a l e n t  angle as  
o f  a , t t a c k  w i t h  f l a p  cdc f l cc t i on .  The c o n t r o l  f o r c e  r e q u i r e d  
t G  proclnce a *:iven change  i n  l i f t  i s  p r o p o r t i o n a l  t o  iCb.  
F i g u r e  5 s h o w s  t h i s  c r i t e r i o n  compared w i t h  v a l u e s  f o r  a 
t y p i c a l  h o r i z o n t a l -  t a i l  s u r f a c e  o b t a i n e d  fr0:3 r e f e r e n c e  2.  
The iiurfibers ic?er,t i f y  t h e  I n d i v i d u a l  s u r f a c e s  a s  g iven  i n  
r e f e r e n c e  2. 

Yhe naxinum l i f t  c o e f f i c i e n t  o b t a i n a b l e  by d e f l e c t i n g  
t h e  con+, i .o l  a t  z e r o  ya:q i s  n measure o f  %!.,e v e r t i c a l  t a i l  
area r e q u i r e d  t o  a a i n t a i r ,  s t r a i g h t  f l i g h t  a f t e r  eizgine 
f a i l u r e  iii a twiil-engii1e a i r p l a n e .  F i g u r e  6 shows t h e  
e s t i m a t e $ -  v s r i a t i o r ,  o f  naximun l i f t  c o e f f i c i e n t  f o r  z e r o  
yaw w i t h  linkage r a t i o  coinpared w i t h  t h e  v a l u e s  g i v e n  ii1 
r e f e r e n c e  3 f o r  a, nEmbe2 o f  c o n v e n t i o n a l  t a i l  s u r f a c e s .  
T h e  a b i l i t y  t o  m a i n t a i i l  s t r a i g h t  f l i g h t  a f t s r  e n g i n e  f a i l -  
u r e  i s  qv.i to i m p o r t a n t  because, if t h e  a i r p l a n e  i s  per-  
m i t t e d  t o  s i c l e s l i p ,  t b e  a d v e r s e  yawiiig moiiient of t h e  fuse-  
lage, n i l e r a a s ,  ani!. p r o p e l l e r s  w i l l  be aclcled t o  t h a t  of 
t h e  a s y m n e t r i c  t h r x s t ,  ( S e e  P i g .  7.) I t  i s  e v i d e n t  f r o m  
t h e  co:i1Tarisoi1 that t h e  a l l- movable  ;:,rea x e c e s s a r y  t o  
s a t i s f y  t h i s  c r i t e r i o n  i s  o f  t h e  or l l e r  o f  one- half  t h a t  
of t h e  c o n v e n t i o n a l  t a i l .  P i g w e  8 shows an a l l- n o v a b l e  
s u r f a c e  d e s i g n e d  t o  m a i n t a i n  z e r o  yaw at  110 p e r c e n t  o f  
t h e  miniiruu sljeed w i t h  l e s s  t h a n  180 pounas c o n t r o l  f o r c e .  
( S e e  r e f e r e n c e  4.) 
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If o r e  e n g i n e  f a i l s  sadc len ly ,  a c e r t a i n  amount o f  yaw 
w i l l  d e v e l o p  b e f o r e  t h e  p i l o t  Lias t i n e  t o  check  t h e  m o t i o n  
w i t h  t h e  c o n t r o l .  The a b i l i t y  t o  r e c o v e r  s t r z i g h t  f l i g h t  
i n  t h e s e  c ‘ i rcumstances  w i l l  depend  i n  a L a r g e  measu re  on 
t h e  a,mou:.ct o f  a C v e r s e  yaw t h a t  d e v e l o p s  w h i l e  t h e  c o n t r o l  
i s  f r e e .  25e  tenclency o f  t h e  a l l- movable  ruclcler t o  s e t  
i t s e l f  a g a i n s t  t h e  yaw t h u s  g rov ic l e s  a d e f i n i t e  s a f e t y  
f a c t o r  i n  t h e  cpe ra t i c rn  o f  a n u l t i e n g i n e  a i r p l a n e .  

The e q u i l i b r i u m  a n g l e  o f  s i d e s l i p  a t t a i i i e ? &  i s  i n v e r s e-  
l j r  p r o p o r t i o n a l  t o  t h e  s l o p e  o f  t h e  l i f t  c z r v e  w i t h  t h e  
c o c t r o l  f r e e ,  o t h e r  t h i n g s  b e i n g  e q u a l .  F i g u r e  9 shows 
t h i s  q .ua , i i t i tX f o r  an  z s p e c t  r u t i o  S o f  4 comparecl w i t h  
v a l u c s  g i v e n  ir r e f e r e n c e  3 f G r  n number o f  c o n v e n t i o n a l  
t a i l s .  Althov.g??l a larce f l o a t i n g  r a t i o  i s  f i e s i r a b l e  i n  
meetii:g t h i s  c r i t e r i o n ,  i t  w a s  assumed t h a t  a v a l u e  o f  
L / Z : I .  w a s  u s e d  i n  orcier t o  avgifi- t h e  small  a m p l i t u d e  hunt-  
i n g  oscil!.t1,tions p r e v i o u s l y  d e s c r i b e d .  

S t a1 i i n  g Ch izr ac t  e r  i s t i c s 

IE t h e  yowecl a t t i t u d e  o f  t h e  a i rp ln i2e  ( s e e  f i g .  2 ) ,  
t h e  l i f t  CLCL, i s  i l o r m c l l ~  g r e a t e r  t l ian  t h e  l i f t  i C L i  

b e c a u s e  of t h e  i n s t p , b i l i t y  o f  t h e  f u s e l a g e  nnc? wing. Hence, 
i f  t h e  d i s p l a c e m e n t  e::ceec:s n c e r t a i a  v a l u e ,  t h e  f l o w  w i l l  
s e p a r z t e  OP t h o  concave  s i C e  o f  t k e  t a i l  s u r f a c e  a t  a 
relatively L O W  l i f t  c o e f f i c i e n t  an2 w i l l  c a u s e  a l i g h t e n-  
i n g  or” t h e  c o i l t r o l  f o r c e  : i eces sa ry  t o  h o l c ?  t h e  d i s p l a c e-  
ment.  T h i s  concli t iol? corrcs2onf .s  t o  t h e  f i n  s t a l l i n g  en- 
cou::torei? v i t h  t h e  c o n v e n t i o n a l  v e r t i c a l  t a i l  s u r f a c e  b u t  
t ~ i l l  b e  delayed- t o  a l a r g e r  a n g l e  o f  s if ies1i-p i n  t h e  c a s e  
o f  tl:e a21-aovable  s u r f a c e ,  i f  t h i s  s u r f a c e  i s  l a r g e  enough 
t o  : ; i r3vi&e w e a t h e r c o c k  s t a b i l i t y  w i t h  c o n t r o l s  f i x e d .  The 
c o n r l i t i o n  n a y  be avofdec? by i n c r e a s i n g  t h s  s i z e  of t h e  sur- 
f a c e  o r  by l i x i t i n g  i t s  d e f l e c t i o n  o r ,  p r e f e r a b l y ,  by u s i n g  
ciorsal f i n s  a,s s u g g e s t e d  i n  r e f e r e i i c e  5.  The pronov-ncecl 
e f f e c t  Gr “  ii row s t r i p s  a l o n g , t b e  t o p  and .  bo t tom o f  t h e  
f u s e l a g e  5 s  shown i h  f i g a r e  1 0 ,  which i s  t a k e n  f r o m  r e f e r -  
ence  6 .  

If t h e  c o n t r o l  were  sud;tenly r e l e a s e d  r,r r e v e r s e d  w i t h  
t h e  a i r p l a n e  i n  t h e  clisZJlaceC1 a t t i t u d e  ( s e e  f i g .  2 ) ,  t h e  
axisle of  naximum l i f t  migh t  be exceeded  m o m e n t a r i l y .  S t a l l -  
i n g  i n  t h i s  coi1dit ioi i  would occur  a t  a h i g h  l i f t  and would 
be  expected.  t o  r e s u l t  i n  a mornentary, p o s s i b l y  s e v e r e ,  
b u f f e t i n g ,  The d u r a t i o n  nf t h e  b u f f e t i n g  would be  l i m i t e d  
by t h e .  r e t u r n i n g  iiiotion o f  t h e  a i r p l a n e .  
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S t r u c t t - r r a l  C o n s i d e r a t  i o n s  

The f o r e g o i n g  compar i soos  show t h a t  t h e  area o f  t h c  
c o n v e n t i o n a l  t a i l  o f t e n  exceeds  t h a t  need-ec? t o  s a t i s f y  t h e  
r e q u i r e m e n t s  o f  o o ; i t ; r o l  azd. s t a b i l i t y  by an a~azoullt ap- 
p r o x i m a t e l y  e q u a l  t o  t h e  f i x e d  a r e a .  The f i x e d  $ o r t i o n  
a u s t  be  c o n s i d e r e d ,  t h e r e f o r e ,  f r o n  t h e  s t a n d p o i n t  of  i t s  
s t r u c t u r a l  u t i l i t y .  One o f  t h e  c h i e f  a rgumen t s  f o r  t h e  
u s e  o f  t h e  c o n v e n t i o n a l  t z i l  is t h a t  the f ixed -  port io11 
provi? .es  an  e x t e r n a l  s t r u c t u r e  a n  which t o  s u p p o r t  t h e  
movable  g o r t i o n ,  B y  us in^; somewhat t h i c k e r  airfoil sec-  
t i o i i s  such as  a r e  enpl-oyed i n  wZng c les ign ,  l i owever ,  an  
e q u i v a l e n t  s t r u c t u r e  C&I 216 e n c l o s e d  w i t h i n  t h e  iriovable 
s u r f a c e  ( f i g r  1 2 )  nnil t h e  &ra;= 03 t h e  e x t e r n a l  s t r u c t u r e  
will be  e l i m i n a t e d .  

T a i l  D e s i g n  a n d ,  Co i l s t ruc t  io:: 

I n  ord-er t o  check  t h e  general b e h a v i o r  o f  t b e  a l l -  
Inovable s u r f a c e  and- t o  ? - i s cove r  p o s s i b l - e  l i n i t a t i o n s ,  p r e-  
lirniiia,ry f l i g h t  t e s t  s were ma5e u s  in:; an n l l - n o v a b l e  t a i l  

t h e  F & i r  c11j.3.6 XIL2IC-1 a i r p l a n e .  S7.tl1ou;;h a r ed-uction i n  
a r e a  wa,s 3 e l t e v e C  p o s s i b l e  w i t h  t h e  a l l- movable  t a i l ,  EO 
r e c l u c t i o n  vas macle f o r  t h e  i ~ r e l i n i n a r ~  t e s t s ,  

?he  o r $ g i z a l  t a i l  i s  shown ir_ i i g u r e s  1 2  and- 13, and  
t h e  ,arcas a r e  l i s t e d -  as f o l l o w s .  The f i n  a r e a  i s  d e f i n e &  
by t h e  nethlod o f  r e f e r e r i c e  '7 as t h e  unsha&eC park  o f  t h e  
f i x s d  a r e a  shown i n  f i p . r e  13. 

T o t a l  e , r ea ,  squars f e e t  . . . . . . . . . . . . . . .  13.7' 
F i n  a r e a ,  square f e e t  . . . . . . . . . . . . . . . .  4 . 1  

s q u a r e  f e e t .  . . . . . . . . . . . . .  . . . . . .  9 . 6  
Aspect  r a t i o  . . . . . . . . . . . . . . . . . . . . .  2 . 3  

Ru&?c'Ler a r e a  ( i n c l v . d i n g  0.7 s q  f t  b a l a n c e  a r e a ) ,  

T3.e c h a r a c t  o r  i s t  i c s  o f  t h e  s l l - n o v a b l o  t a i l  a r e  as 
f 01 l o w s  : 

T o t a l  a r e a ,  s q u a r e  f e e t .  . . . . . . . . . . . . . .  2 3 . 7  
F i x e d  ar e a  ( f u s e l a g e  e x t  ens io i i ,  f a i r i n g )  , sqv-a r  e f e e t  2.1  

Uare j e e t .  . .  11.6 
2.2 

IIova*ole a r e a  ( i n c l u d i n g  Zla;; a r e a )  
F l a p  a rea  ( 1 9  p e r c e n t  o f  rnovnble area 7 , square f e e t  
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Asi2ect r a t i o  . . . . . . . , . . . . . . . . . . . 2.9 
Taper r a t i o .  . . . * . . . . . . . . . . . 1.5:1 
Mean ae rodynamic  cl?.ord, -E, i n c h e s .  , . , . *. . . . . 2 5 , s  
A i r f o i l  s e c t i o n :  E A C A  low-drag, 18  p e r c e c t  t h i c k  

?he i n s t a l l a t i o n  was intei idecl  t o  t e s t  t h e  p r i n c i p l e  
o f  o p e r a t i o n  and was t h e r e f o r e  d e s i g n e d  f o r  Case o f  COP- 

s t r u c t  i o n  ani;. i n s t a l l a t i o n  r a t h e r  t h a n  for s t r u c t u r a l  o r  
n e r o d y n a c i c  e f f i c i e n c y .  The r e s u l t ’  was a s t r u t- b r a c e d  
t a i l  o f   rood c o n s t r u c t i f J n ,  coverec i  w i t h  1 /16- inch  p lgwood 
aiid nountccl  O P  ba17 b e a r i n g s .  A l i n e  d r a w i n g  of  t h e  t a i l  
i s  give;? i i  f i g u r e  1.1, ai:d i n  f i g u r e  15 t h e  t a i l  i s  sliovn 
i n s t a l l c t i  o n  t h e  airplane, The n a i n  s w f a c e  WES d-esignecl. 
t g  p c r n i t  h i n g i n g  a t  aiiy p o i n t  be tween  0,26Z and  0.30T.  
1 i h e  t a i l  w a s  r a s s - b a l a n c e d  when h i n g e d  a t  0.27: .  

The f l a u  was h i n g e d  a$ 6 0  p e r c e n t  o f  t k e  a i r f o i l  chord.  
The gap  be tween  t 5 e  fin:; an$- t h e  ]-lain s u r f a c e  (ap;Jro>:. 
0 . 0 0 7 ~ )  vas n o t  s e a l e d ,  ar,d t ~ i e  ~I.C;I Y:LS n 2 t  r.?,b,ss-balanced- 
abcjut i t s  owii h i n g e  a x i s .  Al . thou<;h  t h e  f r i c t i o n  i n  t h e  
n a i n  a;;d f l a n  h i n g e s  v a s  n s g l , i g i b l e ,  t h e r e  .:as a2proxi -  , 
m a t e l g  4 isoumds o f  f r i c t i o i i  i n  t h e  rudd-er s ;Js ten as a 
w h o l e .  R o  t r i i n i r i g  GsTTlce ~ r a s  provided -.  Tile v a r i a t i o n  
of f l a p  d e f l e c t i o n  v i t ! i  : iai ; i--surface d e f l e c t i o c ,  w i t h  a 
schel l ia t ic  l a ) - o c t  s h o w i n 3  h o w  t h e  novenen t  w a s  o b t a i n e d ,  
i s  shown iii f i g u r e  1 6 ,  T h o  r a t i o  o f  f l a p  d e f l e c t i o n  ( w i t h  
r e s p e c t  t o  t h e  na i r ,  smrfa*co)  t o  4 - c f l e c t i o n  o f  t h e  rLsin 
s u r f a c e  6 / 1  was u p p r o x i m a t c l y  2 : l .  F iGure  1 7  shows t h e  
v a r i a t i o i i  o f  rudcicr d e f l e c t i o n  i w i t h  p e d a l  i-zovcnent. 

T e s t s  and- R e s u l t s  

The f l i g h t - t e s t  j ? r o p a n  incluc?ei! t e s t s  w i t h  t h e  o r ig-  
i n a l  t a i l  i n s t a l l a t i o n  ai?d 7,rith t h e  a l l- movable  t a i l ,  
b i n g e 2  f i r s t  at 0 , 2 7 5  anC t h e n  a t  0,3077, R e c o r d s  were ob- 
tsiizecl for s t e a d y  s i c i s s l i p s ,  r u d d e r  k i c k s ,  l a t e r a l  o s c i l-  
l a t i o n s ,  a i l e r o n  r o l l s ,  a n 8  n o r a d .  tur l is .  EIeasurenents  
of a i r s 2 e e d - ,  yawing v e l o c i t y ,  a n g l e  o f  s i d e s l i p ,  s t i c k  
a3d- rud$-er  p o s i t i o n ,  sild ruc7;t;er f o r c e  were n a d e  w i t h  NACA 
r eco rd f i zg  i n s t r u m e n t s ,  Measurements  o f  r u d d e r  f o r c e  were  
n o t  ob t a inec l  f o r  t h e  t e s t s  w i t h  t h e  o r i g i n a l  t a i l  b e c a u s e  
no  f o r c e  record-er  v a s  a v a i l a b l e  a5 t h e  t i m e ,  A l l  t e s t  
d a t a  presentee', were ob ta ice3-  at an i n d i c a t e d  a i r s p e e d  o f  
a p p r o x i m a t e l y  6 0  m i l e s  p e r  hour  i n  t h e  g l i d i n g  c o n d i t i o n .  

C o n p a r a t i v e  c‘iata f o r  t h e  t w o  t a i l s  a r e  i > r e s e n t e d  i n  
f i g u r e s  1 8  t o  22. 3’i:yure 18  p r c s e i i t s  t h o  r e s u l t s  o’btaincc2 
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f r o m  t e s t s  i n  which abruat rudder  k i c k s  were  ma&e f r o m  
t r i m n e d  f l i g h t  wi th  s t i c k  f ixec i .  P l o - t t e d  agailzst change 
i n  r u d d e r  a n g l e  a r e  change ill rudder f o r c e ,  ria,xinum change  
i n  a n g l e  of s i d e s l f p ,  maximum yawing  v e l o c i t y ,  and  maximum 
yawing a c c e l e r a t i o n .  The v a l u e s  o f  yawing a c c e l e r a t i o n  
were o b t a i n e d  by d i f f e r e n t i a t i n g  t h e  r e c o r d s  o f  yawing 
v e l o c i t y .  F i g u r e  1.9 g i v e s  t h e  r e s u l t s  o b t a i n e t l  i n  s t e a d y  
s i d e s l i p  and  si;ows t h e  rudder  a n g l e  and. t h e  f o r c e  i e q u i r e d  
t o  I? .old n g i v e n  amount of s i d e s l i ? .  F i g u r e  20 shows f o r  
each t a i l  cu t ima  h i s t o r y  o f  nn abrust  a i l e r o n  ~ o l l  Eade  
w i t h  t h o  o r i g i n a l  r u d d e r  loc l red ,  t h e  all-movable t a i l  free. 
I n  f i g u r e  2 1  a r e  p 3 r e s c n t a d  t i m s  h i s t o r i e s  o f  t y p i c a l  l a t-  
e r a l  o s c i l l z t i o n s  mz&e wi th  t h e  o r i g i n a l  t a i l  and w i t h  
t h e  s l l - a o v a b l e  t a i l  h i n g e d  r t t  0.27Z a.nd 0 . 3 0 3 ' .  F i g u r e  2 2  
i n c l u 6 e s  t i m e  h i s t o r i e s  t h a t  show t h e  s t a r t  o f  normal  
turlrs :-blade with t h e  all--mcvtzble r n d d e r  f r e e ,  h?fnged a t  
0.27F ard 0 , 3 0 3 .  

D i s c u s s i o n  o f  3 ' l i gh t  a e s u l t s  

Eudd-er e f f e c t i v e n e s s  .- The r e l a t i v e  power o f  t h e  t v o  
vex--ti.cttL t z i l s  i s  skown by figures 18 ai id-  2 9 .  The ca lcu-  
l a t i c n s  oi' t h e  v a l u e s  o f  t h e  normal- force  c o e f f i c i e n t s  
develo;?ed by t h e  t v o  t a i l s  a r e  sunrnnrized as follows: 

I-__--_- ~ ---__------ - 

q dynamic p r e s s u r e  a t  t a i l ,  pounits p e r  s q u a r e  f o o t  

qo f ree- -s t ream dynamic  p r e s s u r e ,  pounds  p e r  square  f o o t  

S t  t a i l  a , rea ,  s q u a r e  f e e t  

I21 nonei2t of i n e r t  l a  about Z,  a x i s ,  s l u g- f e e t  saua1.e .. 

i a n g u l a r  a c c e l e r a t i o n  about 2 a,xis (sav), r z d i a n s  p e r  

B 
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i 

( f o r  all- -movable t a i l  f o r  which 0 .3  - - 
(% I! + ( o . 3 a & / a f )  

i s  aln, nssamed v a l u e  o f  b a e / a s )  

D i r e c t t s j i a l  p t a b i l i t n . -  The d i r e c t L o i i a 1  s t a b i l i t y  o f  
t h e  a i r j J l a i i e  v i t h  each  2f t h e  t a i l s  i s  s!~.or?rr, i i i  t h e  t i n e  
h i s t o r i e s  o f  a i l e r o i i  r o l l s  ( f i g .  2 0 ) .  ?lie o r i g i n a l  t a i l  
d i d  n o t  i3rovi.de s u f f i c i e n t  d i r e c t i o n a l  s t a b i l i t y  t o  meet 
t h e  r e q u i r e m e n t s  o f  r e f  el-ence 4 t k a t ,  wPtk rv-dder  l o c k e d ,  
t h e  s i d e s l i p  a n g l e  d e v e l o p e d  as a r e s u l t  of  full a i l e r o n  
d e f l e c t i o r .  a t  110 p e r c e n t  o f  t h e  minimun s p e e d  should n o t  
exceed  2 0 ' .  With t h e  o r i g i n a l  r u d d e r ,  a s i d e s l i p  a n g l e  
of 31 w3,s o b t a i n e d  a t  50  m i l e s  g e r  E1our; a a d  w i t h  t h e  
a l I -movable  t a i l  si$-es1i-g a n g l e s  f r o m  1 6 0  t o  ~9~ were ob- 
t a i n e d ,  a1 jproximate ly  a 40 i2ercen t  r e d u c t i o n .  F i g u r e  
2 0 ( 5 )  i s  g i v e n  f o r  r a d d e r  f r e e ,  s i n c e  110 comI2arative d a t a  
were a v a i l a b l e  w i t h  r u d d e r  loc!:ed. Tl-ie r eco rd -  o f  t h e  nove- 
meizt c f  t h e  a l l- movable  t a i l  ( f i g .  20(  3 ) )  s h o w s  t h a t  t h e  
t a i l  l a g g e d  i n  i t s  f l o a t i n g  r e s p o i i s e  t o  t h e  s i d e s l i p ,  -41~- 
p a r e n t l y ,  f r i c t i o n  and  a l o w  i ' i o a t i n g  r n t i o  made t h e  t a i l  
a c t  much c s  u f i x e d  s u r f a c e .  L u c h  of  t h e  r e d u c t i o n  i n  t h e  
a n g l e  o f  s i C e s l i p  07jtaii:ed w i t h  t h e  al l- inovablo t a i l  w a s  
e v i d e n t l y  d u e ,  t h e r e f o r e ,  t o  a s p e c t  r a t i o  o r  more f a v o r a S 1 e  
a i r - f l o w  c o i i d i t i c n s .  A d d i t i o n a l  t e s t s  a r e  n e c e s s a r y  t o  

0 

http://i3rovi.de
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-- ._ -----)_--- 

L a t  e r a l - o s c i l l a t  i o n  c h a r a c t  c r  i s t  i c s  
-.._ 

Tail P e r i o d  Damping i n  o n e  c y c l e  
( p er c e z t  amp 1 i t u  Cl. e ) (set> 

- -- 
O r i g i n a l  4.8 76 

A1 1.-m ov a b  2. e , 4 .0  8 2  
27 p e r c e n t  

Al l- movable ,  5 .6  72  
30 p e r c e i l t  

d e t e r m i n e  t h e  t r u e  f l o a t i n g  c h a r a c t e r i s t i c s  o f  t h e  all- 
lizovable t o , i l  and i t s  a b i l i t y  t o  p r o v i d e  g r e a t e r  d i r e c t i o a -  
a1 s t a b i l i t y  c o n t r o l  f r e e  tllail c o n t r o l  f i x e d .  

--..-_---_-_ Rudder- free  ~ I-Iu__- L a t e r a l  ----.-...- n o t i o n .-  The p e r t i n e n t  data i n  
t h e  t i m e  I i i s t o r i e s  o f  l a t e r a l .  o s c i l l a t i o n s ,  ( f i g s .  21) 
a r e  surnnar ized as f o l l o w s :  

F i g u r e  

... 

2 2  

23 

24 

E i t h e r  o f  t h e  t a i l s  g i v e s  t h e  a i r p l a n e  s a t i s f a c t o r y  
r u d d e r- f r e e  l a t e r a l  mo t ion .  The r e q u i r e m e n t  o f  r e f e r e a c e  
4 t h z t  t I ie  l a t e r a l  o s c i l l a t i o n  s h o u l d  d a ~ ~ i ?  t o  one- half 
ampli tu8-e w i t h i n  t w o  c y c l e s  1!3as s a t i s f i e d .  E ' igure  21 shows 
t h e  b u f f e t i n g  o s c i l l ? > t i o n  tii.-at can be  procluced. by h o l d i n g  
t h e  rudder o v e r  u n t i l  a l a r g e  a n g l e  o f  s i d e s l i p  i s  b u i l t  
up an& t h e n  si.,cldenly r e l e a s i n g  t h e  c o n t r o l .  The o s c i l l a -  
t i o n  i s  n o t  c o n s i d e r e d  o b j e c t i o a a b l e  b e c a u s e  i t  cou ld  n o t  
be  proclilced excep t  by t h i s  maneuver ,  The e f f e c t  o f  f r i c -  
t i o n  l i t  t h e  sys tem i s  s e e n  i n  t h e  flat p e a k s  ii l  t h e  move- 
ment o f  t h e  rudder a f t e r  r e t u r n i n g  t o  n e u t r a l .  

qul&-ey=free-t.pns.- One o f  t h e  a d v a n t a g e s  o f  t h e  a l l -  
movable t a i l  i s  t h a t  i t s  u s e  r e s u l t s  i n  an  i n c r e a s e  i n  
t h e  v e a t h e r c o c k  s t a b i l i t y  with r u d d e r  f r e e ,  g i v i n g  i m-  
proved! c o n t r o l  o f  t h e  a i r p l a - n e  by n e a n s  o f  t h e  s t i c k  a l o n e ,  
The r e s u l t s  of  such  c o n t r o l  a r e  sho:.Ji1 i n  f i g u r e  22 as t i n e  
h i s t o r i e s  o f  t h e  s t a r t  of g l i c t i ng  t u r n s  =ad-e 7;iith t h e  f e e t  
o f f  t h e  r u d d e r  p e d a l s .  

Fhe p i l o t s  f e l t  t h a t  t b e  a i r p l a n e  made s a t i s f a c t o r y  
t u r n s  wit:i t h e  r u d d e r  f r e e ;  t k e  n n g l e s  o f  s i d e s l i p  r e s u l t-  
i n g  a r e  s e e n  t o  b s  small. The a i r p l a n e  was s u b j e c t  t o  

a 
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o s c i l l a t i o n s  i n  yaw t h r o u g h o u t  t h e  t u r n  w i t h  t h e  t a i l  
S i n g e d  a t  0.30Z. 

_-------I__ T a i l  s taLl inE; . -  The t a i l  s t a l l i n g  wzs c h a r a c t e r i z e d  
bjr a gradual  breakcloyii o f  t h e  f l o w ,  b e g i n n i n g  a t  t h e  t i p  
anti a l o n g  t h e  t r a i l i n g  edge a2d spr eadivlg f o r w a r d  l int  il 
t h e  s t a l l  was comL3lete. The s t a l l  was n o t  a p p a r e n t  t o  t h e  
p i l o t  e x c e p t  by o b s e r v a t i o n  of  t h e  a c t i o n  o f  t u f t s  a t t a c h e d  
t o  t h e  t z i i .  The p i l o t  r e p o r t e d  what h e  t h o u g h t  t o  be  a 
1ighte::ing 02 t h e  rudder f o r c e ,  b u t  EO r e c o r d s  were  a v a i l -  
able t o  c o r r o b o r a t e  h i s  o p i n i o n .  T h e r e  was n o  t e n h e n c y  
of t h e  t a i l  t c j  o s c i l l a t e  o r  f l u t t e r  and  n o  v i b r a t i o n  was 
api3ar e n t  . 

Fu t ur e R e s e a r  ch 

The a l l - a o v a 5 l e  t a i l .  s!iows 2Yomise as a zieans o f  r e-  
d u c i n g  t h e  s i z e  o f  t h e  t a i l  sLrfacas as wel l  as o f  i m-  
p r o v i n g  t h o  b a l a n c e  and t h e  f c e l  oft t h e  c o n t r o l s .  R g s e a r c h  
i s  he i i ig  c o n t i n u e d  with t h e  o b j e c t  o f  8 - i sco- re r ing  and over-  
coming anjr d i f f i c u l t i e s  t h a t  may al ' i se  ii: i t s  a p p l i c a t i o n .  
The act ic l i i  o f  t h e  t s i l  wken s t a l l e d  w i t h  t h e  a i r p l a a e  
yawed was i l o t  f u l l y  i n v e s t i g a t e d  b e c a u s e  t h e  s i d e s l i p  ob- 
tair ,z 'ole w i t l i  f u l l  r u d d e r  was i n s u l f  i c i e c t  t o  s t a l l  t h e  
t a i l .  ( T h e  comi31.ete s t a l l  w a s  o?Dtained- by suZdenly  re-  
vers iLig t h e  r u d d e r  iii a moclerate s i d e s l i p . )  ~n o r d e r  t o  
c l e a r  ui, t h i s  p o i n t ,  a second  t a i l  o f  one-half  t h e  a r e a  
( 5 . 8  sq f t )  h;12s keen  diesigiied- and  is u n & e r  c o n s t r u c t i o n  
f o r  tCze F a i r c h i l d  XR2K---l a i l - p l a n e .  The s m a l l e r  t a i l  i s  
ex:,ected t o  f i e c r e a s e  t h e  d . i r e c t i o n a 1  s t a b i l i t y  o f  t h e  air- 
p l a a e  t o  a p o i n t  where  c o m l l e t e  s t a l l i i z g  o f  tlize t a i l  w i l l  
occnr  i n  a s i d e s l i p .  P r o v i s i o n  i s  b e i n g  ma?-e  f o r  t h e  
second  t a , i l  t o  'be t e s t e d  thyough a wide ra i igc  o f  h i n g e  
p o s i t i o n s  and  a t  v e r i c ; i s  r a t i o s  o f  f l a p  d e f l e c t i o n  t o  
main- surface d e f l e c t i o n .  I t  a ~ ~ ~ ~ : ) a a r s  t h a t  f l i g h t  t e s t s  o f  
an  nl 1-m ov a b  1 e h o r  i z o n t a1 t a i  1 war r a n t  c on s i cl e r  at i on. 

F r o n  t h e  r e s u l t s  o f  p r e l i n i n a r y  f l i g h t  t e s t s  o f  a 
F a i r c h i l c ?  U 2 K - 1  a i r p l a n e  o n  which was i n s t a l l e d  an a l l-  
movable v e r t i c a l  t a i l  t h o  s a n e  s i z e  as t h e  o r i g i n a l  t a i l ,  
t h e  f o l l o v i n g  o b s e r v a t i o n s  car, b e  made: 

a 
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1. Tke T i l o t s  r e p o r t e d  t h a t  t h e  a l l -movable  t a i l  
p e r f  orinect s a t  i s f a c t c r  i l y  ill a l l  r e s p e c t s .  P l y i n g  t h e  
a i r p l a n e  d i f f e r e d  i a  EO e s s e n t i a l  r e s p e - c t s  f r o n  f l y i n g  
an  n i r g l a n e  w i t h  c o n v e n t i o n a l  f i n  and rudder, 

2. The all.-movable t a i l  d e v e l o p e d  c o c s i d e r a b l y  
g r e a t e r  normal  f o r c e  p u r  u n i t  area t h a n  tho o r i g i n a l  
tail. 

3. The d i r e c t i o n a l  s t a b i l i t y  w i t h  t h e  3,ll-mOVablQ 
t a i l  was as g r e a t  v i t h  t h c  ruc?cier free as w i t h  t h e  rudder  
f i x e&. 

4, The danpii1g o f  Large rudder-frec Zat e r s l  o s c i l l a -  
t i o a s  was scvt  i s f a c t o p y .  An lnndampod o s c i l l a t i o n  o f  srnalL 
nmpli tudt!  was o b t a i n o d  i n  t k e  rudder-free t x r n s  w i t h  t h e  
t a i l  h i n g e 6  a t  30 p e r c e n t  o f  t h e  ~ e a n  aeroaynamic chGr?b,, 

5 .  The p i l o t s  were a b l e  t o  mako s z t i s f a c t o r y  n o m a l  
t u r n s  t r - i t k i  t h e  all-movable t a i l .  using o n l y  t L e  s t i c k .  

S. The s t a l l i n g  o f  t h e  nfl--novnb2o t a i l  vas o b t a i n e d  
witk0v-t f l v , t t o r  o r  v i b r a t i o n  ai-id w a s  z p p n r e n t  t o  t h e  
p i l o t  o n l y  through o b s e r v a t i o n  o f  t u f t  a c t i o n .  

7. Y u r t h e r  d o v e l o p n e n t  t o  r e a l i z e  t h c  rcirilced n r t a  
cdvnnt t tgc  o f  t h o  all-movable t?, i l  appears  j u s t  i f f e d - .  

1. S S C ~ . T S ,  2 i c h a r d  I . ,  and  Hoggard,  I I .  P a q e ,  J r . :  ?3Jiad- 
I n - T e s t i g a t i o n  o f  Gontrol-Su;-fnce C h a r a c t e r i s t i c s .  
I1 - ,1 Large  . i e r o d y n a ~ i c  3alarzce  o f  V a r i o u s  8 o s e  
Sba;-,es w i t h  a SO--Percent-Chosd Flap on aa RAGA 
CCGS B i r f o i l .  K A C A  A.X.B., Aug. 2941.  

P 

2 .  G o e t t ,  E a r r y  J., and B o e d e r ,  J ,  P . :  E f f e c t s  o f  Eleva-  -. 
t o p  ijiose S h a p e ,  G.a;.n, B a l a n c e ,  and Tabs on t h e  .Aero-- 
dyanmic  C h a r a c t e r i s t i c s  o f  8 H o r i z o E t a l  ' fa i l  Sur-  
f a c e .  R e p .  N O .  6'75. B A G A ,  1939. 
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% 3 ,  S i l v e r s t e i n ,  A b o ,  a n d  K a t z o f f ,  S . :  Aerodynamic Char- 
a c t o r i s t i c s  o f  B o r i z o n t a l  TaiS S u r f a c e s .  Rep. E o .  
6 8 8 ,  WACA, 1940. 

v3 C 4.  Gi l ru t l i ,  B. 2.:  R e q u i r e m a t s  f o r  S a , t i s f a c t o r y  Flying 
@ Q u a l i t i e s  o f  A i r p l a n e s .  NACA A.C.K., A p r i l  1 9 4 1 .  

t 
I4 

5 .  Thoi%;>son, 2' .  L , ,  and G i l . r u t h ,  R .  B.: B o t e s  on t h e  
S t a l l i n g  of' V e r t i c a l  T a i l .  S u r f a c e s  and  011 F i n  D e s i g n .  
T . 8 ,  E o .  778 ,  ZTACA, 1940 .  

6 .  Eoggarcl,  E .  P a g e ,  J r  . : Wind-Tunnel I n v e s t  i g a t  i o n  o f  
F u s o L a S c  S t a b i l i t y  i n  Yaw w i t h  Various Arrangements  
o f  F l n s .  T . B .  KO. 785,  Xf'ACA, 1940.  

7 .  P a s s ,  H, 2 . :  Ana1.ysj.s o f  Niind--TunnoI. Data on Direc-  
t i o n a l  S t a b i l i t y  and C o n t r o l ,  T .M.  No.  7 7 5 ,  N A C A ,  
1940 .  
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3 Figure 12.-  Original tail  instal led on Fairchild XR2K-1 airplane. 
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Figure 15.-  All-movable vertical  ta i l  installed on Fairchild XRBK-1 
airplane. 
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Lcf t Podal movmcnt, in.  

Figure 17.- V a r i a t i o D  of ruddor d2:flcction with pcdal mo:icmont. A l l -  
movable ta i l  on Fa i rch i ld  XR2K-rI a i rp lane .  
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L e f  + Change in rudder angle , dey Right 

W i f h  5///a'* 
Figure 18.- iariat lon of maximum yawing acceleration, maximum yawing velocity ,  
maximum change in s ides l ip  angle, and chsnge in  rudaer force with change i n  
rudder angle. 
60 miles per hour in  the gliding condition. 
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ADrupt rudder def lect ion with Fairchild XR2K-1 airplane a t  
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ref  f Angle o f  sidesl@ , de9  Right 

Figure 15.- Variation of ruddrr de f l ec t ion  and rudder force with angle of s i d e s l i p .  

Steady s i d e s l i p s  with Fairchi ld  XR2K-1 airplane a t  60 miles per hour i n  g l id ing  
condition.  
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